To clarify the internal fatigue crack generation in a Ti-Fe-O (near ␣-type) alloy, microstructures, internal fatigue crack initiation sites, and dislocation structures in samples fractured during high-cycle fatigue tests at liquid nitrogen temperature were studied. The alloy contained two kinds of elongated ␣-phase microstructures, i.e., recovered ␣ grains and recrystallized ␣ grains. Untested samples contained mobile dislocations in recovered ␣ grains, but in recrystallized ␣ grains, any dislocations were observed. Internal crack initiation sites were formed transgranularly and were related to the recrystallized ␣ grain region, judging from their morphology, size, and chemistry. Dislocations in recovered ␣ grains were rearranged after cyclic loading in either {0110} Ϫ ͗1120͘ planar arrays or subgrain structures due to dislocation annihilation. Few dislocations were seen in recrystallized ␣ grains. We discuss the relationship between localized strain incompatibility due to coplanar arrays in recovered ␣ grains and transgranular cracking in recrystallized ␣ grains, and propose a model for fatigue crack generation. H. YOKOYAMA, formerly Graduate Student, Department of Mechanical atomic size misfit, solute content, short-range order, and Engineering, Kogakuin University, is Engineer, Nittan Valve Co. Ltd., dispersion particles. [16,17] Thus, internal crack initiation must Kanagawa 257-0031, Japan. O. UMEZAWA, Senior Scientist, and K.
I. INTRODUCTION
alloys were mostly placed a few hundred microns deep from the specimen surface. [10, 11, 12] Such heterogeneity of macro-FATIGUE crack initiation is generally understood to scopic deformation in a sample may affect the location of occur on a specimen surface due to irreversible process of internal crack initiation sites. Some exceptions such as much extrusion and intrusion through slip deformation. [1] Some deeper locations, however, have been reported in alloys such high strength alloys such as titanium alloys and nitrogenas ␤-quenched Ti-6Al-4V [12] and austenitic steels. [11] In both strengthened austenitic steels, however, clearly exhibit two cases, the size of crack initiation site (facet) was over a few kinds of fatigue crack initiation at and below room temperatens of microns in diameter and much larger than that in Titure, e.g., 4, 77, and 300 K. [2] One is at the specimen surface, 6Al-4V alloys. and the other is in the specimen interior. The internal (subsur-
The Ti-Fe-O-(N) based alloy, which is a near ␣-type titaface) crack initiation is not associated with pre-existing nium alloy, has been proposed for a new high-strength titadefects such as nonmetallic inclusions and foreign elements. nium alloy. [13] The alloy derives its strength from solid-This fracture mechanism cannot be explained by extrusionsolution hardening by interstitial elements such as oxygen intrusion (persistent slip bands) models. [3, 4] Internal fatigue and nitrogen. The supersaturation of iron leads to retention crack initiation is dominant in the high cycle fatigue regime of ␤ phase, which is effective to refine ␣ matrix structure. and at lower temperatures, while surface cracks are initiated
In the previous article, [12] the Ti-Fe-O alloy showed the in high peak stress and low cycle fatigue tests. The initiation internal crack initiation at 77 K and no depth favoring of site thus shifts from the surface to the interior at lower stress, the location. No defects such as inclusions or pores were seen and the internal crack initiation behavior can be clearly detected at cryogenic temperatures. Generally, the tensile in the internal crack initiation sites, and their fractographic strength of alloys is increased as the temperature is features were similar to those in Ti-6Al-4V alloys. The interdecreased. It appears that low-temperature (cryogenic) nal crack initiation in the Ti-Fe-O alloy, however, was insenfatigue tests make clear the features of fatigue crack generasitive to the heterogeneity of macroscopic deformation. tion behavior in high-strength alloys such as Ti-6Al-4V, [5] Terms such as quasi-cleavage, cleavage, and slip plane Ti-5Al-2.5Sn, [6] and austenitic steels. [7] decohesion have been used to describe microscale frac-The place most likely for the internal crack initiation sites tographic features of the internal initiation sites in Ti-6Alis near the specimen surface where macroscopic deformation 4V alloys. [5, 14, 15] Planar dislocations piled up in the vicinity is localized. [8, 9] For example, internal sites of Ti-6Al-4V of grain boundaries have been shown to cause transgranular cracking in ␣ grains. [6, 15] Slip planarity is favored not only by low stacking fault energy, but also by shear modulus, generation. To clarify the mechanism of internal crack generation, therefore, it is important to understand local strain incompatibility related to microstructural heterogeneity. The objective of the present article is to identify the features of internal crack initiation in the Ti-Fe-O alloy at 77 K and to discuss models for the internal fatigue crack generation. Hence, the microstructure and internal fatigue crack initiation sites of the Ti-Fe-O alloy are characterized, and the deformation structure in investigated for the fatigue. 
II. EXPERIMENTAL
and their configuration is shown in Figure 2(a) . Fatigue A. Test Materials testing was carried out with the specimen immersed in liquid The test material was a mill-annealed plate of a near ␣nitrogen (77 K). [12] Using a cryogenic servohydraulic fatigue type Ti-Fe-O alloy; the chemical compositions are given in machine, [21] load-controlling tests were done. The sinusoidal Table I . The Ti-Fe-O alloy was melted in a laboratory scale, waveform loading was uniaxial with a minimum-to-maxihot-forged in ␤ region (1223 K heating), and hot-rolled in mum stress ratio, R ( min / max ), of 0.01. Test frequency of ␣ region (1073 K heating) to a 30-mm-thick plate.
10 Hz was chosen so that the specimen temperature rise Figure 1 shows an engineering stress vs engineering strain should be as low as possible. [22] Figure 3 shows S-N (maxicurve for the alloy at 77 K. Tensile tests were done at a mum stress vs number of cycles) data. [12] Most samples strain rate of 8.33 ϫ 10 Ϫ4 s Ϫ1 using a screw-driven-type exhibited internal crack initiation (open plots in Figure 3 ). tester. Cylindrical test pieces were cut parallel to the rolling Their maximum cyclic stress was much lower than macdirection (RD); the gage geometry was 3.5 mm in diameter royield stress (Figure 1 ). and 20 mm in length. Tensile properties at 77 K are submitted by duplicate tests as follows; 0.2 pct proof stress: 1165 B. Analysis MPa, ultimate tensile strength: 1292 MPa, and elongation: 21.6 pct.
Fatigue crack initiation sites and fracture surfaces were studied by scanning electron microscopy (SEM) and energy Fatigue test specimens were machined parallel to the RD,
